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1 .O I N T R O D U C T I O N  
Several of the experiments planned for the Apollo Applications Program require photo- 
graphic f i lm  for the recording of  data. This film comprises diverse types, each more or 
less sensitive to the particulate radiations found in space. The present study i s  an attenpt 
to assess the radiation environment within the AAP cluster so that a determination of 
radiation damage to the f i lm  and consequent loss of data may be made. 
The A A P  f i lm degradation problem encompasses several challenging aspects. The free 
space radiation environment must be estimated for the particular orbital parameters of 
interest. This radiation must then be transported through a conglomerate structure to a 
particular f i lm .  Finally, the effects of the penetrating radiation upon the f i lm  must be 
assessed. 
This study concentrates upon the second phase of the problem, radiation transport through 
the complex configuration using the LSVDC4 program system3. Phase one, specification 
of the radiation environment, i s  based upon the Vette model= of the trapped radiation 
belts and is provided by J . W. Watts and M. 0. Burrell’’ of Space Sciences Laboratories 
(SSL), MSFC. Phase three, radiation effects upon film, i s  evaluated for the Apollo 
Telescope Mount (ATM) f i lms and i s  based upon data analyses of Kodak4 and SSLSfLo. 
A study summary and recommendations are given in Section 2. The radiation environment 
is  discussed in Section 3. Section 4 presents results obtained during the study. Appendix 
A briefly describes the radiation transport programs utilized in the study and Appendix B 
illustrates the AAP cluster geometry model. Appendix C discusses the effects of radiation 
upon photographic f i lm  of concern to the ATM project. 
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2 . 0  SUMMARY A N D  RECOMMENDATIONS 
Relatively good geometry models of  the Apollo Telesco 
and Stowage Module (CPSM), Multiple Docking Adap 
tion Section (STS) have been constructed. The Airlock Module (AM) geometry model i s  
incomplete. Simplified models of the Lunar Module (LM), Command and Service Mo- 
dules (CSM), and Orbiting Work Shop (OM) used in earlier studies are incorporated 
herein. 
Dose estimates are presented for ATM films in the CPSM, ATM, and CM. Dose rates in 
the CPSM and ATM are comparable to each other, while dose rates in the CM are much 
lower, Therefore, films exposed early in the mission which are then stored in the CM 
receive relatively low doses. Estimates of radiation fogging density are made for each 
ATM f i lm. Al l  density estimates are below currently proposed l imits. In particular, 
radiation fogging densities for the first load of f i l m  are low enough to consider substitu- 
tion of faster, more radiation-sensitive fi lms subject to confirmation of low CM dose 
rates and acceptance of the CM as a storage location for exposed ATM f i lm.  
Dose rate estimates are presented for 14 locations in the CM, MDA, STS, AM, and OW5 
to aid in selection of other photographic f i lm  storage sites. No self-shielding of the film 
repositories i s  considered; therefore, only relative comparisons may be made among the 
various locations. Comparisons are subject to change as additional geometric details 
are included in the AAP cluster geometry model. Radiation fogging density estimates 
for these, films are not made in the present study; these estimates depend upon refinement 
of the geometry model, selection of f i lm  types, and experimental determination of f i lm 
degradation due to radiation exposure. 
The experience and results gained in the present study suggest the desirability of addi- 
tional effort in several areas. These recommendations are as follows: 
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. Refinement of several ATM telescope and camera geometry models when detailed 
data become available, 
Minor additions to ATM geometry model as suggested in  Appendix 8, 
Adaptation of existing LM and Block I1 Apollo CM geometry models to the LSVDC4 
program sys tem , 
Revision of the AM and OWS geometry models when data become available, 
Additional space and time mapping of ATM f i lm  doses in a l l  locations, 
Incorporation of f i lm  repository model for non-ATM films and recalculation of dose 
rates , 
Calculation of non-ATM f i lm  degradation as data become available, 
Examination of effects of radiation flux anisotropy. 
. 
. 
. 
. 
. 
. 
. 
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3 . 0  R A D I A T I O N  ENVIRONMENT 
The A A P  cluster w i l l  follow a circular orbit at altitudes between 180 and 220 nautical 
miles and at an inclination between 30"and 35'. This orbit i s  relatively radiation-free 
except when it intersects the South Atlantic magnetic anomaly. Six to ten times per day, 
the spacecraft encounters a highly anisotropic radiation flux - primarily protons - for 
periods of five to ten minutes (see Figure 3-1). The cosmic ray background and radiation 
from solar flux events are not major contributors to the radiation problem due to the 
shielding afforded by the Earth's magnetic field. 
The radiation environment over a range of  possible orbits has been computed by Watts 
and Burrell'' of MSFC using the Vette modelu of the trapped radiation belts. The conse- 
quences of varying orbital parameters may be seen in Figures 3-2 and 3-3. The dose rate 
is computed inside spherical shell aluminum shields for various thicknesses. 
A circular orbit of 210 nautical miles and 35' inclination i s  the present choice for the 
AAP mission. The proton and electron fluxes, averaged over many orbits, are given in 
Table 3-1. The dose rate behind spherical shell aluminum shields due to this environ- 
ment i s  shown in Figure 3-4. 
The omnidirectional proton fluxes listed in Table 3-1 are thought to be correct within a 
factor of two. Flux intensities constitute a major uncertainty in the present results. A 
second uncertainty arises from the interaction of the anisotropic flux with the complex 
shield configuration. Protons in the anomaly are near their mirror points so their trajec- 
tories are nearly flat spirals. Therefore, the flux appears to impinge upon the sun- 
oriented cluster from directions nearly perpendicular to the local magnetic field vector. 
Several factors tend to smear this distribution to  some extent. The present study approxi- 
mates the true angular distribution with an isotropic distribution. 
Electron doses at the most exposed f i lm  detectors in  the ATM and CPSM are less than one 
per cent of  the proton doses for low orbits and inclinations. Bremsstrahlung doses are 
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smaller still. These dose components are! therefore, neglected in the present study. 
The electron problem may be significant for arbits with angles of inclination greater 
than 40'. 
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FIGURE 3-2 PROTON DOSE VERSUS ALTITUDE FOR VARIOUS SHIELD 
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FIGURE 3-3 PROTON DOSE VERSUS INCLINATION FOR VARIOUS SHIELD 
THICKNESSES AT 210 NAUTICAL MILES (389 km) 
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TABLE 3-1 ATM ORBIT RADIATION ENVIRONMENT 
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4 . 0  R E S U L T S  
The results of the dose estimates computed during t ent study are d 
section. The first part includes dose estimates for ATM f i lm  in the launc 
tion, CPSM; the experiment location, ATM; and the return storage location, Apollo CM. 
The second part of this section includes dose rate estimates for potential storage loca- 
tions of O W  experiment f i lm  throughout the AAP2 cluster. 
4.1 ATM FILM RADIATION EXPOSURE 
The A A P  3/4 cluster configuration i s  outlined in Figure 4-1. The AAP 3 Apollo CM i s  
docked into the axial MDA port and the AAP 4 LM is docked into the MDA radial port I. 
The ATM contains eight telescopes, six of which require f i lm.  Four camera loads are 
provided for each of the six film-using telescopes. One camera load of each type i s  
launched in operating position aboard the ATM. Three replacement cameras of each 
type are launched in the AAP 4 CPSM. After a set of ATM cameras i s  exposed, astro- 
naut EVA replaces the used cameras and returns them to the CM. Dose estimates are 
presented for each location. 
4.1 . 1  CPSM Radiation Exposure 
The CPSM is positioned around the LM docking tunnel as shown in Figure 4-2. A cross- 
section view of the CPSM i s  shown in Figure 4-3. Individual cameras are labeled 
according to responsible experiment organization or function, and order of usage (Arabic 
numerals). The NRL A and B 4 boxes are empty cassettes provided for the NRL cameras 
launched on the ATM. 
The number 3 cameras and the empty NRL 4 cassettes are removed during the first EVA, 
approximately 14 days after mission start. The number 2 cameras are removed and placed 
on the ATM two weeks later. The number 1 cameras are removed after another two weeksa 
13 
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The geometry models used to simulate cameras and f i lm  are discussed in Appendix B. 
The GSFC camera, developed by the Astrionics Laboratory at MSFC, i s  used in the 
GSFC and H-Alpha 1 experiments. It i s  also placed in the H 0 experiment in the 
present study due to  lack of better data. It i s  estimated that the GSFC and H-Alpha 
1 camera models are good; the AShE and NRL camera models are fair, but conserva- 
tive; and the H A 0  camera model i s  poor and quite conservative. 
Radiation exposure estimates are made for "worst case" cameras which spend 42 days 
in the CPSM and the remaining 14 days of the 56 day mission on the ATM. Detectors 
are placed 0.1 inches inside the f i l m  surfaces near a film edge, except for an additional 
GSFC detector buried deep inside the f i lm.  
A total of 180 vectors scans the configuration around each detector. Additional detail 
i s  not warranted at this time due to the relatively simple nature of the LM model. H- 
Alpha 1 exposure estimates are assumed to be the same as those for the GSFC camera. 
Cumulative CPSM exposure estimates are shown in Table 4-1. 
4.1 .2 ATM Radiation Exposure 
The location of experiment telescopes in the ATM canister i s  indicated in Figure 4-4. 
The GSFC, H-Alpha 1, and AS&E cameras are located on the LM end of the telescopes. 
The H A 0  camera i s  positioned on the outboard side of the H A 0  optical housing near the 
LM end of the spar. The NRL cameras are found near the sun end of their telescopes. 
Two detectors are placed in each camera. In the spool-type cameras, the f i lm i s  on the 
supply reel. The first detector is buried 0.1 inches within the f i lm  near the forward face 
of the camera. The second detector i s  0.1 inches within the f i lm  near the middle of the 
f i lm  rol l .  In the slide-type (NRL) cameras, the detectors are positioned 0.1 inches from 
the top of the top deck of slides and 0.1 inches from the bottom of the bottom deck of 
slides. Both detectors are 0.1 inches within the slide decks opposite the aperture, i.e., 
17 
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FIGURE 4-4 ATM CANISTER (SUN END) 
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Two detectors are placed in each camera in th 
ATM locations A total of 180 vectors scins the configuration around each detector. 
Radiation exposure estimates are shown in Table 4-3. 
h i v e  positions considered in th 
4.1.4 ATM Film Degradation 
This section combines the preceding radiation exposure estimates with a simp1 if ied time 
line schedule and the f i lm  degradation data of Appendix C to arrive at ATM f i lm  degra- 
dation estimates. The purpose of this procedure i s  to determine the degree of radiation 
fogging to be expected so that l i t t le loss of data due to radiation is assured. Tentatively, 
a radiation-induced density of 0.2 has been selected as an upper l i m i t  which w i l l  
seriously degrade the quality of the data. 
The ATM f i lm i s  divided into four sets or loads. Each load contains amera for each 
M; the other three 
ed in the CM and i 
il a l l  the film ' 
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TABLE 4-2 RADIATION DOSE ESTIMATES ON THE ATM 
(215 Nautical Miles, 35 Degree Orbit) 
Dose (Rad Air Per 14 Days) 
Detector I1 
I NRL-B I 1.21 I 1.47 
TABLE 4-3 RADIATION DOSE ESTIMATES IN THE APOLLO C M  
(215 Naut ical  Miles, 35 Degree Orbit) 
Dose (Rad Air Per 14 Days) 
21 
22 
geometric models, particularly the CM and LM. 
The density estimates show that a l l  films possess some safety margin under the currently 
proposed l i m i t  of 0.2. No attempt has been made to include temperature-induced f i l m  
darkening which may be significant for some fi lms. Note that densities for the first load 
are approximately one third those for the fourth load; densities for the second load are 
one half those for the fourth. These facts suggest that faster, more radiation sensitive 
fi lms might be launched aboard the ATM as the first load should their increase in data- 
gathering capability warrant increased mission complexity. Such a decision should be 
confirmed by a refined analysis of the CM geometry because present estimates yield 
rather large effective shield thicknesses o f28  to 36 gm/cm (including self - and mutual 
shielding). 
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4.2 O M  FILM RADIATION EXPOSURE 
de at 14 loca- 
23 
I NRL-B I SWR I 1.99 I 1.21 I 0.70 I 3.90 I -035 
TABLE 4-4 ATM FILM DOSES AND RADIATION FOGGING DENSITIES 
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The estimates of Table 4-5 should be interpreted with care. As is explained in  the 
Appendix, the CM i s  modeled in a simple manner. The MDA and STS structures are 
carefully modeled, together with their internal equipment. In this survey, a l l  equip- 
ment remains in the MDA, while in actuality much of  the equipment w i l l  be transported 
into the QWS. The AM and QWS geometry models are incomplete. Finally, the self- 
shielding afforded by a f i lm  repository i s  not included in the computation. 
In summary, a l l  dose estimates w i l l  decrease by a factor of two to four within f i lm  reposi- 
tories; the MDA and STS estimates w i l l  rise as equipment i s  off-loaded; and the AM and 
OWS estimates w i l l  decrease as additional equipment i s  included in the computational 
model . 
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A P P E N D I X  A 
LSVDC4 DESCRIPTION 
The three components of the LSVDC43 (Lockheed Space Vehicle Dose Calculator - 
FORTRAN N) system are the geometry test program, the geometry program, and the 
dose program. The geometry test program, GEOTST, performs certain logical checks 
on the geometric data and provides cross-sectional plots of the configuration for visual 
confirmation of the geometric model. The geometry program, GEOM, processes geo- 
metric and material data, prepared by the user, into a form suitable for shielding calcu- 
lations. The dose program, DOSE, combines geometric data, obtained from the geome- 
try program, and radiation source data and computes the dose at specified detector 
points. 
GEOTST 
The geometry test program i s  an essential adjunct to the geometry program in that it 
provides computer assistance in checking geometric input data. The fundamental unit 
of the data is  the volume element; the data are read into the program one volume ele- 
ment at a time. 
Each volume element i s  defined by i t s  material composition, density, and bounding 
surfaces. Five types of volume element boundaries may be used: 
. planar surfaces 
. ellipsoidal surfaces 
. el l ipt ic cy1 indrical surfaces 
, elliptic conical surfaces 
. elliptic toroidal surfaces of revolution 
29 
A maximum of 25 surfaces, each with unrestricted orientation, may be used to bound a 
volume element. Each volume element requires the bounding surface data, the number 
of planar surfaces, the number of quadric plus toroidal surfaces, a material number 
(1 to 499), the density, and the coordinates of an internal point The surfaces are 
specified by the coordinates of three points and zero to three parameters, depending 
on the type of surface e The coefficients for the algebraic representation of the planar, 
quadric, and quartic surfaces are computed internally by the geometry program. 
A feature termed "embedding" is  employed to reduce the number of volume elements 
required to specify a configuration. Embedding permits volume elements to be located 
partially or completely within other volume elements. If two or more volume elements 
compete for a common region of  space, dominance i s  assigned by the order of data input. 
Thus, a simple box may be specified by six volume elements, one per side, or with the 
aid of embedding, by two, a void followed by a larger, solid parallelopiped. In the 
latter case, the contents of the box - if any - must precede the void volume element. 
Embedding is also a convenient means of incorporating an atmosphere into a complex 
spacecraft. 
Problem set-up time i s  reduced with the aid of a transformation option. A portion of the 
configuration may be specified in some convenient coordinate system, then rotated and 
translated to the correct location. This feature is used extensively in the present study. 
One example of this option i s  the use of a transformation to "move" the different camera 
models from their convenient system to the spacecraft coordinate system. In this way, 
identical sets of data are used to represent the NRL A camera in the CPSM and in the 
ATM, the only difference being in the transformations applied. 
Computer time is  reduced by a factor of three to  ten with the aid of a ''super region'' 
feature. A super region i s  a fictious volume element, bounded by two planes and an 
elliptic cylinder, which contains one or more volume elements. The super region i s  
turned on with the appropriate geometric data and a material number of minus one (-1). 
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This data set i s  followed by volume elements completely contained within the super 
region. The super region is  then turned off with a material number of minus two (-2). 
Super regions may be nested within each other to a level ten deep. In the present study, 
for example, a super region is  placed around the ATWRACK. Another i s  nested inside 
the first around the NRL-6 experiment. A third is  nested within both around fhe NRL-6 
camera. During the geometry search, the program checks to determine whether a vector 
penetrates a super region. If i t misses, the program then skips over volume elements con- 
tained within that super region. 
Data preparation i s  eased by using the NAMELIST data input option common to most 
FORTRAN systems and a procedure that preserves data from the preceding volume elements. 
This technique permits the user to input only that data which changes from the preceding 
set and typically reduces the card deck size by a factor of three. 
The geometry test program first scans the input data for incorrect formats and characters. 
Card images containing errors are printed off-line. The program also checks for certain 
logical errors which would lead to ambiguity in the definition of volume elements. Erro- 
neous volume elemcnts are identified and printed off-line. Finally, it plots cross sections 
of the configuration as specified by the user. The cross sections are unrestricted in orien- 
tation. The grid size of the printer plots i s  variable to a maximum of 130 by 500. An 
alpha-numeric character i s  assigned each volume element appearing on the plot, and a 
table follows each plot indicating volume element number, density, and material number 
associated with each character assignment. Exhaustion of the character l i s t ,  which con- 
tains 43 characters, causes a new plot to be started. This geometry test program has proved 
to be invaluable for verifying and correcting complex geometric data. 
GEOM 
The purpose of the geometry program is  to discover the shielding afforded a detector by a 
configuration of materials. To realize this purpose, the previously discussed volume ele- 
ments are constructed and scanned in the following way. 
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An axially symmetric figure is  generated by rotating line segments about the z-axis. A 
rotated line segment generates a truncated conical or cylindrical shell. Each shell i s  ap- 
proximated by six equal planar facets. Each facet i s  subdivided into regions unti l the 
solid angle subtended by each region at a detector is  less than the input solid angle 
criterion for that facet , This feature permits critical shield areas to  be examined more 
closely than others. 
A vector array associated with each detector i s  then generated. Each vector joins the 
detector to the centroid of a region. Those segments of each vector which l ie  within 
volume elements are found and arranged in order from detector ouiward. The penetra- 
"son lengths, material numbers, solid angle, and vector direction cosines are put on tape 
for use by the dose program. 
DOSE 
The task of the dose program is  to compute primary proton and related secondary dose, 
alpha and related secondary dose, and electron and bremsstrahlung dose at detector 
points associated with the geometric configuration. The location of the detectors with 
respect to the configuration and i t s  component volume elements i s  in no manner restricted. 
The dose program approximates the appropriate proton spectrum, differential in energy, 
with from one to 100 power law representations over the energy range of interest. The 
source and geometric data are applied to an attenuation method, which i s  suggested by 
M. 0. Burrell . The validity of the proton dose calculation has been tested by compar- 
ing the results to those of the Lockheed Proton Penetration Code in spherical shell shield 
geometry for isotropic flux. Several spectra, materials, and material combinations have 
been examined. 
2 
The alpha dose calculation i s  similar in method to the proton dose calculation. The 
alpha-induced secondary dose estimates are less re1 iable than proton-induced secondary 
estimates due to a scarcity of experimental and theoretical data. 
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The electron dose calculation converts material thicknesses to their aluminum equiva- 
lent on an electron density basis and computes electron penetration number flux accord- 
ing to  a method suggested by Mar'. An energy spectrum i s  assigned to the number flux 
by an empirical technique and an energy deposition dose is calculated. 
The bremsstrahlung calculation combines electron flux data throughout the shield with 
bremsstrahlung cross sections recommended by Koch and Mot=' and a point kernel atten- 
uation technique3 to estimate bremsstrahlung dose. The electron fluxes are based on 
equivalent aluminum shields; however, bremsstrahlung production i s  based on actual 
materials present. 
The DOSE program contains two options which facilitate certain types of investigations. 
The first option permits variation of densities according to material number. This fea- 
ture permits shield thickness parameter studies to be made without rerunning the GEOM 
program. The second option permits calculation of the dose entering within user- 
specified solid angle regions and comparison with average dose per steradian. This fea- 
ture may be used to check for radiation streaming and to generate data for shield shaping 
optimization. 
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A P P E N D I X  B 
CLUSTER CONFIGURATION 
Two AAP configurations are examined in the present study. The first, Figure B-1, i s  the 
AAP 3/4 mission. The AAP 3 CSM i s  docked i n  the axial MDA port, and the AAP 4 LM- 
ATWRACK i s  docked i n  radial port I for 56 days. The second configuration, Figure 8-2, 
i s  for the AAP 2 mission. It i s  identical to the first configuration except that the LM- 
ATWRACK i s  not present. The primary purpose of  this study i s  to assess the radiation 
hazards to ATM film; the greatest emphasis i s  placed on simulating the ATM geometry. 
Secondary emphasis i s  placed on ATM f i lm storage locations and s t i l l  less emphasis on the 
remainder of  the cluster. The cluster geometry model i s  composed of 1400 volume elements. 
Each module of  the AAP cluster i s  discussed briefly to indicate the level of detail covered 
in that module. Components which are treated in  insufficient detail are noted. 
ATWRACK 
The ATWRACK configuration i s  illustrated in Figures 8-3 and B-4. A weight i s  computed 
for each volume element in the mathematical model of the ATM and i s  checked against a 
detailed weight statement . The ATM model "weighs" 15171.2 pounds compared to a 
weight statement total o f  18504.0 pounds. Thus, 82.0 percent of the actual mass is in- 
cluded in the model. 
8 
A large part of the missing weight i s  structure, Approximately 900 pounds of the 2102.6 
pounds of  structure i s  not modeled. A portion of this omission i s  due to lack of detailed 
blueprints and a portion i s  due to the diff iculty of  simulating a large number of small parts 
such as rivets, splice plates, and stiffeners. Approximately half the missing 900 pounds 
could be modeled i f  the necessary information were available. 
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simulate much of the dispersed wiring. Because the homogenization of  boxes leads to opti- 
mistic shielding estimates, while omission of cabling leads to conservative shielding estimates, 
these two factors w i l l  compensate each other to some degree. 
Only 585.4 pounds of the 922.9 pound gimbal system i s  m 
important for shielding purposes because i t  i s  concentrated in  a small region already shield- 
ed by other massive components. 
eled. The lost weight i s  not 
The thermal control insulation on the rack, totaling 162 pounds, i s  omitted except for 17.2 
pounds near the astronaut work station, a lightly shielded area. Most of the remainder of 
this insulation i s  not effective for shielding purposes because it covers massive components. 
Additional configuration information i s  necessary to incorporate the missing covers . 
ode1 appears to be adeq e from a standpoint of mass (over 4 
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lar holes drilled to lighten the spar i n  those areas where telescope moun 
attached,. In the present study, the number volume elements r 
spar i s  reduced from approximately 1000 to by criss-crossing 
rectangular holes. The spar model has the ect weight, 1224 
The top and bottom spar rings, 57.1 pounds each, and the girth ring, 193.6 pounds, are 
modeled. However, 412.8 pounds of fittings, plates, brackets, and launch locks are omit- 
ted due to lack of  data, as are 20 pounds of half-micron fi l ter and 100 pounds of  ballast. 
The sun end experiment door assemblies contain complicated mechanisms which are diff icult 
to model. Fortunately, these assemblies subtend a small solid angle from most of the cameras. 
They are, therefore, approximated by ten circular discs with appropriate size and location. 
The door model weighs a total of 160 pounds compared to an actual 206.7 pounds. 
Eighteen electronic boxes and ATM rate gyros are accurately positioned on the canister and 
spar, totaling 234.5 pounds. Canister cables, totaling 130 pounds are omitted due to their 
dispersed locations. This omission should not be serious because they are generally attached 
to massive components, such as the spar, and offer l i t t le additional shielding. 
The thermal control system for the canister includes the canister walls, radiator, and insula- 
tion, plus the spar insulation. A number of small pumps, manifolds, etcI, are omitted due 
to lack of detailed information. The modeled weight is  604.7 pounds, or 78.1 percent of 
the 774.1 pounds allotted to the canister thermal control system. 
Eight telescope experiments are located on the ATM spar, six requiring cameras and film. 
The experiments are listed in Table B-1, together with their actual and modeled weights, 
including camera, vidicon, etc. The camera weights are also stated due to their large 
influence on computed dose. Camera geometry models are shown in Figures B-5 through 
8-7. 
The first experiment i n  Table B-1, the H A 0  SO52 White Light Coronograph, i s  the poorest 
modeled telescope from a weight standpoint, though a relatively large amount of detail i s  
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LM and CPSM 
3, i s  modeled in  a simple manner wi th few vol 
zed equipment. The skin mass thickness i s  incr 
ure and micrometeoroid bumper. No effort w 
esent study; instead i t  i s  recommended that a LM model6 prepared 
tor be adapted to the LSVDC4 system. 
Crew Provisions and Stowage Module (CPSM) i s  modeled adequately and placed around 
the LM docking tunnel, Figure B-8. Fourteen small components plus the radiator are placed 
outside the CPSM wall. Eighteer! cameras and two empty storage cassettes for the NRL 
cameras on the ATM are situated i n  the CPSM. Unique material numbers are assigned to 
each set of cameras so that they may be removed during dose program runs. This treatment 
permits calculation of dose rate changes to the remaining cameras as cameras are removed 
during EVA for use on the ATM. 
APOLLO CSM 
The ApoIlo Command and Service Modules (CSM) are modeled i n  a fairly simple manner 
with primary emphasis upon correct skin mass thicknesses. The SM contains an engine, noz- 
zle, fuel tanks and gas tanks. The tanks are assumed to be half ful l  of homogenized fluid. 
The C M  contains three seats, six cameras, and four equipment bays with homogenized con- 
tents. 
MDA and STS 
ing Adapter (MDA) and Structural Transition Section (STS) shown i n  
B-12 are modeled in adequate detai I. The MDA possesses one axial 
nd two radiatdocking ports suitable for the LM. The MDA i s  
egments; a conical section, an upper cylinder, a port cylinder, and a 
in, lands, and braces are represented in  each segment. Insulation 
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considered. Thirty-six volume elements are used in the telescope proper and ten i n  the 
camera. Part of the weight underestimate is due to omission of  ribs on the optical housing 
(5-10 pounds), and part is due to omission of experiment mounts which add l i t t le shielding 
because they are shadowed by the optical bench and spar. However, the majority of tele- 
scope weight discrepancy i s  probably due to use of  very preliminary information with out- 
dated thickness dimensions. The low camera model weight results from use of an SO 56 
camera instead of an HA0  SO 52 camera for which no data were available. The H A 0  
telescope f i l m  hazard should be re-examined when additional data are available. 
The AS&E SO 54 telescope i s  fairly well modeled though further detail could be accommo- 
dated in  the electronics, supports, and camera interface. The camera itself i s  fairly well 
modeled in wall thicknesses, film, and supply and take-up cassettes. Additional detail i s  
desirable in the camera mechanism. The four pound image intensifier assembly i s  not in- 
cluded. 
The next four telescopes, GSFC SO 56 through H-alpha 1 SO 55, are modeled i n  adequate 
detail. The SO 56 and SO 55 cameras (identical) are we l l  modeled except for omission of 
the handle. The NRL cameras are too light, probably due to omission of part of the mechan- 
ism for which no details were available. An attempt was made to account for most of the 
mechanism wi th  homogeneous volume elements. 
The H-Alpha 2 telescope model i s  approximately seven percent too heavy. No reason i s  
known for this discrepancy, but i t  should not appreciably affect f i l m  degradation estimates. 
The HCO-A (Modified) experiment model i s  over-simplified. i t  consists of a small box 
running half the length of the telescope representing electronics, plus a box representing 
the remainder of the telescope. The electronics box density i s  arbitrarily set to twice the 
telescope density and both are adjusted to yield the correct weight. The outside dimensions 
of each box are approximately correct. 
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and radiators are included. The inside walls of the MDA are lined with 41 boxes, many of 
which have trapezoidal cross sections, containing equipment and experiments. 
The STS assembly i s  modeled with skin, insulation, and radiator combined. Four structure 
rings and the pressure bulkhead are included. The skin i s  strengthened with 48 stringers. 
Forty truss attachments, fittings, and splices are positioned on the bulkhead. 
AM 
The Airlock Module, AM, i s  modeled i n  a simple manner. The model includes the airlock 
tunnel skin, the bellows connection to the SIV B, several battery packs, and 12 gas tanks. 
The AM model weighs 1878.8 pounds compared to an actual weight of approximately 7000 
pounds. 
ows 
The Saturn SIV B, converted into an Orbital Work Shop (OWS), i s  also modeled in  a simple 
manner. It consists of a cylindrical tank with hemispherical ends. The tank wall protrudes 
over a part of the airlock module as shown i n  Figure B-2. A hemispherical wall separates 
the LH tank from the LOX tank. The nozzle i s  represented by a conical shell volume ele- 2 
ment. Solar cell arrays are placed outside the cylindrical tank. 
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A P P E N D I X  C 
RADIATION DEGRADATION OF PHOTOGRAPHIC FILM 
The dose computations of Section 4 are given in  terms of physical dose (rads-air), while 
the parameter of interest in determining f i lm  damage i s  radiation fogging density. A 
relationship between physical dose and fogging density has been determined for several 
films of potential interest to  ATM experimenters. 
Each f i l m  type has been subjected to proton beams of 10, 17.6, 50, 90, and 120 MeV 
at the MIT and ORNL proton accelerators by MSFC and Langley personnel’. The data 
presented herein are based upon f i lm  development and analyses performed at Kodak by 
K. E. Huff and H. M. Cleare4, and upon radiation transport analysis by J. W. Watts” 
of MSFC. 
Figures C-1 - C-5 illustrate radiation fogging density versus dose at five shield thick- 
nesses for the proton spectrum of Table 3-1 . For a given dose, the density generally 
increases with shield thickness. This effect i s  due to spectral hardening combined with 
increasing f i lm  sensitivity to increasing energy protons at a given dose. Thus, radiation 
fogging density depends on the radiation spectrum, effective shield thickness, and the 
film type. Three f i l m  types currently proposed for ATM experiments are included in the 
data, as well as two faster, more radiation sensitive types (103-0 and Plus-X). 
The ATM f i l m  fogging densities given in Section 4 are derived by combining the f i lm  
degradation data with effective shield thickness computations for the CPSM, ATM, and 
CM. A special program was written to compute the effective thickness, weighting by 
solid angle and dose rate for each vector which scans the configuration. These effective 
thicknesses (for the selected detector locations) range 
2 CPSM; from 8 to 20 gm/cm in  the ATM; and from 28 to 36 gm/cm2 in the CM. 
2 
from 8 to 14 gm/cm in the 
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